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TITUS  OP  PROJECT*  Studies  of  the  Mechanism  of  Calcification  with  Special  Reference 

to  the  Deposition  and  Removal  of  Cations  Other  Than  Calcium  and 
the  Caries  Problem. 


Objectives*  Solution  of  the  caries  problem  and  development  of  a method  for  the 
removal  of  poisonous  trace  metals  from  bones. 

SUMMARY  OP  RESULTS* 

1.  The  Local  Factor  of  Calcification.  That  a complex  of  chondroitin  sulfate  with 
collagen  may  be  responsible  for  the  process  of  mineralisation  in  bone  is  indicated 
from  our  studies  during  the  past  year.  The  steps  that  led  to  this  development  are 
given  be  lew. 


The  possible  involvement  of  chondroitin  sulfate  in  the  calcifying  mechanism  was 
first  proposed  by  us  as  an  explanation  of  the  reversible  inactivation  of  calcifica- 
tion in  vitro.  It  was  further  suggested  from  our  present  studies  with  toluidine 
blue  and  protamine  which  inactivates  the  calcifying  mechanism.  This  inactivation 
is  a function  of  the  inactivator  to  calcium  ratio.  In  the  case  of  protamine  and 
toluidine  blue,  unlike  the  previous  inactivation  with  mineral  salts,  a more  specific 
target,  namely  chondroitin  sulfate,  a mucopolysaccharide,  cun  be  postulated. 


In  attempting  to  relate  the  "local  factor"  to  the  state  of  polymerization  of 
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chondroitin  sulfate,  the  influence  of  calcium  ions  on  jnetachromatic  staining  was 
investigated.  With  a constant  amount  of  toluidine  blue  the  degree  of  metachromasia 
increases  with  calcium  ion  concentration  in  solution,  tip  to  a maximum  of  about 
15  ws/L.  Above  this  concentration  of  calcium  ions  there  is  a gradual  decrease  in 
metachromasia.  Prior  shaking  with  calcium  chloride  Increases  the  intensity  of  meta- 
chromatic  staining  in  the  ossifying  matrix.  In  contrast  to  this,  when  chondroitln 
sulfate  is  extracted  from  bone,  calcium  ion  c crape  titivaly  interferes  with  metachrom- 
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At  present  calculations  are  “being  made  of  the  solubility  product  of  CaHP04,  Ca3(P04)a, 
and  CaCOj , at  the  ionic  strength  of  blood  sertn  and  at  the  ionic  strength  of  in  vitro 
calcification  to  determine  the  correlation  between  the  ideal  case  and  our  findings. 

In  the  in  -vivo  experiments  the  serum  phosphate  level  was  regulated  by  the  CatP  ratio 
of  the  diet,  the  carbonate  being  constant.  With  high  calcium  (1.2$)  - low  phosphate 
(0.2$$)  diets  the  serum  inorganic  phosphate  was  law  (approximately  3 mg.$),  whereas 
with  the  low  calcium  (0.1$)  - high  phosphate  (0.7$)  diets  serum  phosphate  was  higher 
(approximately  9 mg.$).  Intermediate  dietary  ratios  of  CasP  produced  intermediate 
serum  phosphate  levels. 


3.  Carles  Susceptibility.  These  studies  indicate  definitely  that  composition  is 
related  to  caries  susceptibility.  (See  Table  1).  That  the  rates  of  solution  in 
acids  of  high  carbonate  enamel  and  dentin  are  greater  is  indicated  in  studies  per- 
formed with  high  carbonate  and  lew  carbonate  enamel  and  dentin.  The  data  are  given 
in  Figures  U and  5>. 

U.  Mechanism  of  Lead  Deposition  and  Removal.  When  one  produces  rickets  with  lead 
carbonate  substituted  for  calcium  carbonate  in  the  diet  such  rachitic  sections  do  not 
calcify  in  vitro  as  well  as  control  sections.  This  implied  that  the  local  mechanism 
of  calcification  is  either  directly  injured  by  lead  cr  that  the  development  cf  the 
local  mechanism  is  retarded.  These  findings  may  explain  the  frequent  occurrence  of 
rickets  in  children  with  lead  poisoning.  group  of  young  Wistar  rats  were  given 
1$  PbCOj  in  their  diets  for  30  days  and  were  subsequently  placed  on  diets  devoid  of 
lead  which  were  high  in  calciun  and  low  in  phosphate  or  low  in  calcium  and  high  in 
phosphate.  Highlights  of  the  findings  tre  given  in  Tables  1-5  of  the  enclosed 


technical  report  on  lead  deposition 


It  is  concluded  that  vitamin  D during  lead  administration  influences  lead  absorp- 
tion and  thus  causes  a rise  in  blood  lead.  In  contrast  tc  this,  after  lead  adminis- 
tration is  ceased  the  main  equilibrium  is  between  blood  lead  and  bone  lead.  Here, 
vitamin  B,  to  the  degree  that  it  causes  a rise  in  serum  phosphate,  appears  to  produce 
a reciprocal  drop  in  blood  lead,  as  would  be  expected  from  the  solubility  product 
principle. 

It  is  further  concluded  that  the  high  calcium  - low  phosphate  diet,  by  decreasing 
sextan  phosphate,  causes  a concomitant  x'ise  in  blood  lead  at  the  expense  of  bone  lead, 
while  the  high  phosphate  - low  calcium  diet  causes  a rise  in  serum  phosphate  which  is 
paralleled  by  a low  blood  lead  level  and  decreased  loss  of  bone  lead. 
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TABLE  1 

INFLUENCE  OF  DIET  ON  GABIES  SUSCEPTIBILITY  IN  THE  COTTON  RAT 
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PUNS  FCR  FUTURE 

Immediate*  Condensation  of  chondroltin  eulfatr,  prepared  from  various  sources  with 
collagen  prepared  from  various  sources  by  several  methods.  These  collagen  - chond- 
roltin sulfate  complexes  will  be  examined  by  methods  analogous  to  in  vitro  calcifi- 
cation to  determine  which  of  them  may  be  responsible  for  the  formation  of  bone -like 
minerals.  If  these  experiments  are  successful  an  attempt  will  be  made  to  condense 
keratin  (the  key  protein  of  enamel)  with  chondroltin  sulfate  to  determine  whether  ' 
these  complexes  may  initiate  the  production  of  mineral  similar  in  structure  to  that 
found  in  enamel.  With  ell  the  above  compounds  the  influence  of  calcium  ions  on  ths 
degree  of  metachresnasia  will  be  investigated,  and  if  possible  used  as  s guide  to 
mineralization. 

Our  minimum  hope  is  to  learn  more  of  the  critical  factors  involved  in  the  mech- 
anism of  calcification.  Our  maximum  hope  is  to  develop  collagan  - chondroltin  sol* 
fate  and  keratin  - chondroltin  sulfate  complexes  that  may  actually  be  useful  In 
filling  teeth  and  in  prosthetic  bone  restoration. 

Intensive  study  will  be  undertaken  of  factors  that  cause  the  deposition  and 
removal  of  lead  in  bones  and  teeth,  aa  a model  to  understand  ths  deposition  of  cat- 
ions other  than  calcium  in  bones  and  tssth.  These  studies  will  include  the  rela- 
tion between  compos ition  of  diet  and  blood,  and  removal  and  deposition  of  lead)  ths 
conditions  under  which  lead  deposits  in  vitro t and  ths  influence  of  the  presence  of 
lead  ions  on  caxcixicetion  in  vitro.  xxvx  mvuacuxvnstlc  staining  and  a nsjrms 
studies  are  also  projected. 

Long  range t The  broad  program  is  to  understand  ths  sschsniem  of  calcification  with 
special  emphasis  on  the  problem  of  carles  and  the  removal  of  poisonous  heavy  metals 
from  ths  body.  Ths  scope  of  this  study  was  outlined  in  our  initial  suggestions  in 
1952*  Details  in  addition  to  the  immediate  plans  (above)  are  given  below. 


1«  A thorough  study  of  the  inorganic  models  cf  bones  end  teeth  will  provide  funda- 
ment#'. information  on  which  we  may  drew  in  understanding  teeth  end  formulating  »3V 
ideas*  The  r«te  of  formation  of  these  compounds  from  solutions  resettling  the  inor- 
ganic portion  of  intra-  and  extra-cellular  fluid  will  be  carefully  studied  for  the 
ease  reason.  At  the  beginning  preference  will  be  given  to  the  various  apatites  (!•«*, 
fluoro-,  hydroxy-,  and  carbonata-apatite ) that  are  known  to  exist  in  teeth  or  bones* 
later  the  conditions  that  favor  the  productiop  of  apatites  mixed  with  CaHF04,  CaCOj, 
and  calcium  citrate,  will  be  investigated.  Such  mixtures  sppsar  to  occur  in  teeth 
from  the  available  evidence. 

2*  A careful  investigation  will  be  made  of  the  physical  state  of  the  tooth  enamel 
and  dentin,  as  well  as  inorganic  models  of  tooth  and  bone*  The  physical  methods  in- 
clude X-ray  diffraction,  optical  mathoda  like  refractive  index  and  birefringence , 
and  chemical  analysis. 

3*  A careful  study  will  be  made  of  the  influence  of  small  amounts  of  fluoride  on 
the  composition  of  bones  and  teeth.  Moreover,  our  experiments  on  in  vitro  calcifi- 
cation indicate  such  studies  to  be  undertaken  under  the  Influence  of  lew  magnesiw 
and  higi  magnesium  diets. 

U.  Caries-susceptibility  in  relation  to  composition  of  teeth  in  the  cotton  rat,  and 
also  the  relationship  that  exists  between  tooth,  blood,  and  bops  composition,  will 
bo  studied.  We  have  already  correlated  the  composition  of  tooth  enamel  and  dentin 
and  bona  to  that  of  blood  and  diet.  The  Cotton  rat  was  chosen  because  it  la  sus- 
ceptible to  caries  on  diet  908. 

£*  Rates  of  solution  and  solubility  cf  siiajnel  and  dentin  of  various  compositions  in 
weak  acids  and  other  soldbilizing  agents  like  citrates  will  be  studied. 


6*  Bxttnfion  of  the  co&poeition  studies  will  be  made  to  include  citrates t vhieh 
have  been  reported  to  be  present  In  teeth*  The  citrate  content  may  be  of  special 
importance  in  view  of  the  reedy  solubility  of  calc tun  citrates* 
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